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Photoproduction of K∗ vector mesons off nucleon is investigated within the Regge framework
where the electromagnetic vertex of γK∗K∗ fully takes into account the magnetic dipole and electric
quadrupole moments of spin-1 K∗ vector meson. The t-channel K∗(892), K(494) and κ(800) meson
exchanges are considered for the analysis of the production mechanism. The experimentally observed
rapid decrease of the cross sections for the γp→ K∗+Λ reaction beyond the resonance region is well
reproduced by the dominance of the exchange of K-meson trajectory. The role of the scalar κ-
meson trajectory is found to be minor in both γp and γn reactions. The cross sections for the
γn→ K∗0Λ reaction are predicted to be about twice those of the γp→ K∗+Λ reaction. The role of
the K∗ electromagnetic multipoles and the proton anomalous magnetic moment is studied through
the total and differential cross sections and spin/parity asymmetries. We suggest the measurement
of the photon polarization asymmetry as a tool for identifying the role of the magnetic dipole and
electric quadrupole moments of the K∗ vector meson.
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Electromagnetic properties of hadrons are important
to unravel the internal structure of hadrons. In the case
of vector mesons, in particular, their magnetic moments
and electric quadrupole moments are known to be µ =
eV /mV and Q = −eV /m
2
V [1, 2], respectively, in the
limit of point-like structure, where eV (mV ) is the charge
(mass) of the vector meson. Therefore, any deviation
from these canonical values implies nontrivial internal
structure of vector meson and may give a clue on the
properties of the constituents of vector mesons [3].
In this respect, the recent experimental data from
the CLAS Collaboration on K∗ photoproduction at the
Thomas Jefferson National Accelerator Facility [4, 5]
draw attention as they provide information on the prop-
erties of vector mesons as well as on the production mech-
anisms of strangeness via the spin-1 vector meson. Nev-
ertheless, only a few model calculations were attempted
to analyze the reaction processes γp → K∗+Λ [6–8] and
γn → K∗0Λ [9]. Moreover, the former model calcula-
tions considered the electromagnetic interaction of the
K∗ vector meson with the charge coupling only by drop-
ping out other couplings. As stated above, however, spin-
1 vector mesons have non-vanishing magnetic dipole and
electric quadrupole moments. Therefore, investigating
static properties of vector mesons through their produc-
tion mechanisms is desirable and it is the main motiva-
tion of the present work.
In the recent publication [10], two of us studied pho-
toproduction of charged ρ meson, i.e., γN → ρ±N in-
cluding the electromagnetic multipoles of vector mesons.
We found that the existing data of Refs. [11–13] on these
processes could be reasonably reproduced. Encouraged
by this observation, in the present work, we study the
reaction processes γp→ K∗+Λ and γn→ K∗0Λ in order
to see the role of the structure of the γK∗K∗ vertex for
a description of existing data reported in Refs. [4, 5, 14].
As discussed in Ref. [10], the validity of the Ward iden-
tity for the γK∗K∗ vertex is crucial to provide a reli-
able prescription for gauge invariance in charged-meson
photoproduction. The most general form of the electro-
magnetic γK∗K∗ vertex ΓµναγK∗K∗(q,Q) which satisfies the
Ward identity is given by
η∗νΓ
µνα
γK∗K∗(q,Q)ηαǫµ = −η
∗
ν(q)
{
eK∗ [(q +Q)
µgνα −Qνgµα − qαgµν ] + eκK∗(k
νgµα − kαgµν)
− e
(λK∗ + κK∗)
2m2K∗
[
(q +Q)µkνkα −
1
2
(q +Q) · k (kνgµα + kαgµν)
]}
ηα(Q)ǫµ , (1)
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2where kµ is the photon momentum and Qµ and qµ are the
incoming and outgoing K∗ momenta, respectively, with
Qµ = qµ − kµ. The polarization vectors of the photon
and K∗ are denoted by ǫµ and ηµ, respectively. Here eK∗
is the charge of the K∗ vector meson, and the magnetic
dipole and electric quadrupole moments of the K∗ are
given as
µK∗ = (e˜K∗ + κK∗)
(
e
2mK∗
)
,
QK∗ = λK∗
(
e
m2K∗
)
. (2)
Theoretical estimates on the magnetic dipole and elec-
tric quadrupole moments of the K∗ vector meson are re-
ported in various models inspired by QCD [15, 16]. In the
present work, we adopt the values predicted in Ref. [16],
namely, e˜K∗ = +1, κK∗ = 1.23 (therefore, µK∗ = 2.23)
and λK∗ = −0.38 for theK
∗+ and e˜K∗ = 0, κK∗ = −0.26
(therefore, µK∗ = −0.26) and λK∗ = 0.01 for the K
∗0.
We also use gVK∗NΛ = −4.5 and g
T
K∗NΛ = −10 obtained
by using the flavor SU(3) relations with the ratios αV = 1
and αT = 0.4 from g
V
ρNN = 2.6 and g
T
ρNN = 9.62 follow-
ing Refs. [10, 17].
We now consider the t-channel Regge-pole exchange in
production amplitudes. Given the Born amplitude for
the process γ(k) + N(p) → K∗(q) + Y (p′), where the
momentum of each particle is denoted in the parenthe-
sis, the meson exchange in the t-channel is reggeized by
replacing the t-channel pole with the Regge-pole in the
form of
Rϕ(s, t) =
πα′J
Γ[αJ(t) + 1− J ] sin[παJ (t)]
(
s
s0
)α
J
(t)−J
(3)
written collectively for a meson ϕ of spin-J with the
phase 12 [(−1)
J + e−ipiαJ (t)] assigned to the exchange-
nondegenerate single meson.
Recalling that the energy dependence of total cross
sections is given as σ ∼ sαJ (0)−1, the steep decease of
the cross section for the γp → K∗+Λ reaction with in-
creasing photon energy, as observed by the CLAS Col-
laboration [4], implies the dominance of the exchange of
the kaon trajectory, whereas K∗ of nonzero spin and K∗2
as well should be suppressed in the region over the reso-
nance peak.
With these in mind we write the production amplitude as consisting of kaon, and scalar meson κ in addition to the
elementary Born terms for gauge-invariant K∗ exchange, i.e.,
M = u¯(p′) η∗ν(q) (M
µν
K∗N +M
µν
K +M
µν
κ ) ǫµ(k)u(p) , (4)
where
MµνK∗N =
{(
gVK∗NΛγ
ν +
gTK∗NΛ
4MN
[
γν, /q
]) /p+ /k +MN
s−M2N
(
eNγ
µ −
eκN
4MN
[γµ, /k]
)
+
(
eY γ
µ −
eκY
4MN
[γµ, /k]
)
/p
′ − /k +MY
u−M2Y
(
gVK∗NΛγ
ν +
gTK∗NΛ
4MN
[
γν , /q
])
+ ΓµναγK∗K∗(q,Q)
−gαβ +QαQβ/m2K∗
t−m2K∗
(
gVK∗NΛγ
β +
gTK∗NΛ
4MN
[
γβ , /Q
])
− (eN − eY )
gTK∗NΛ
4MN
[γν , γµ]
}(
t−m2K∗
)
RK
∗
(s, t)
1
2
(
−1 + e−ipiαK∗ (t)
)
, (5)
MµνK = i
gγKK∗
m0
gKNΛ ε
µναβkαQβγ5R
K(s, t)
{
e−ipiαK(t)
1
}
, (6)
Mµνκ =
gγκK∗
m0
gκNΛ (k ·Qg
µν −Qµkν)Rκ(s, t)
1
2
(
1 + e−ipiακ(t)
)
(7)
with the given phases of the Regge poles. We use the
trajectories for K, κ and K∗ [18]
αK(t) = 0.7
(
t−m2K
)
,
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ακ(t) = 0.7
(
t−m2κ
)
,
αK∗(t) = 0.83 t+ 0.25. (8)
The nucleon and hyperon masses are denoted by MN
and MY , respectively, and m0 = 1 GeV is the mass scale
parameter.
For the γp → K∗+Λ process, the proton pole in the
s-channel and the contact term are included for gauge-
invariance of the t-channel K∗+ exchange. For the case
3of the γn → K∗0Λ process, however, only the t-channel
κ +K +K∗0 exchanges are included with the magnetic
dipole and electric quadrupole moments of K∗0 which
are by themselves gauge-invariant. In Eq. (6), the phase
of the K exchange is to be read for the γp → K∗+Λ
(upper) and γn → K∗0Λ (lower) in consistent with the
phase relations in the ρ± and π± photoproductions [10,
19]. In the reggeization ofK∗+ exchange in the t-channel
we preserve the proton magnetic moment term in the s-
channel Born term for the γp reaction because of the
expected role of the magnetic interactions between the
particles of non-zero spin.
For the estimate of the kaon-trajectory exchange, we
use gKNΛ = −13.24 in consistent with the SU(3) predic-
tion with α = 0.365 and gpiNN = 13.4, and the couplings
g
γKK∗+
= 0.254 and g
γKK∗0
= −0.388 are determined
from the measured decay widths ΓK∗→K+γ = 50.3 keV
and ΓK∗→K0γ = 116.6 keV, respectively. The negative
sign for gγKK∗0 follows the quark model prescription.
The radiative decay constants relevant to the scalar
meson κ is unknown at present and we use the prediction
of Ref. [20], which gives the decay width of K∗0 as
Γ(K∗0 → κγ) =
1
96π
e2
g˜2ρ
(
m2K∗ −m
2
κ
mK∗
)3 ∣∣∣∣−83βA
∣∣∣∣
2
, (9)
supposing that the K∗ mass larger than the κ mass. The
values of βA = 0.72 GeV
−1 and g˜ = 4.04 are estimated
in Ref. [20]. In this work we consider mκ = 800 MeV
and gγκK∗0 = 0.144 GeV
−1, which gives Γ(K∗0 → κγ) ≈
0.411 keV. The SU(3) relation gγκK∗0 = −2gγκK∗± is
kept through the present work, which gives gγκK∗+ =
−0.072 [21]. For the scalar meson-baron coupling con-
stant we adopt gκNΛ = −14.7 using a recent result of
QCD sum rule calculation [22].
Shown in Fig. 1 are the total cross sections for the re-
actions of γp → K∗+Λ and γn → K∗0Λ as functions of
the photon energy Eγ in the laboratory frame. The con-
tributions from K, κ and K∗ exchanges are displayed by
the dashed, dot-dot-dashed and dot-dashed lines in or-
der. The red dotted line is from the gauge-invariant K∗
exchangeMK∗N in Eq. (5) which contains the s-channel
proton pole and contact terms. The experimental data
are from the CLAS collaboration [4] for γp→ K∗+Λ and
from the ABHHM collaboration [14] for γn→ K∗0Λ, re-
spectively. These results show that the K∗Λ production
in the γp reaction exhibits the dominance of K plus K∗
exchanges which are comparable to each other, while the
γn process is totally governed by the K exchange. As
a result, the cross section for the γn reaction is about
double the size of the γp cross section. But the effect of
K∗ electromagnetic multipoles are suppressed in the γn
reaction.
As stated before, since the process involves the pro-
duction of spin-1 vector meson, the effects of magnetic
interactions are expected. In the present work, we exam-
ine the role of the electromagnetic multipoles of K∗ as
well as of the proton pole term in the case of the γp pro-
cess. Figure 2 shows the role of the κK∗ and λK∗ terms in
the cross sections for the γp process with and without the
proton anomalous magnetic moment κp term. We adopt
(κK∗ , λK∗) = (1.23,−0.38) following Ref. [16]. We first
note that the difference of the cross section σ between the
cases of (κK∗ , λK∗) = (1.23,−0.38) by the solid line and
(κK∗ , λK∗) = (0, 0) by the dash-dotted line is noticeable
in the case of κp = 0 as shown in Fig. 2(b). This tendency
disappears, however, in the presence of κp = 1.79 as can
be seen in Fig. 2(a), which shows a nontrivial role of the
proton anomalous magnetic moment κp. Therefore, this
signifies that the κp in the proton pole term should be
activated in the reggeization of the production amplitude
in case of the vector meson not only for a theoretical con-
sistency but also for the phenomenological consequences
just we have demonstrated.
The observed differential cross sections for both reac-
tion processes are reasonably reproduced by the present
model calculations as shown in Fig. 3. Enhancement at
forward angles in both cases illustrates the dominance of
K exchange shown by the blue dashed lines in Fig. 3 for
Eγ = 2.35 GeV (2.2 GeV) in the case of γp (γn) reaction.
As in the case of total cross section, the contribution of
K∗ without multipoles does not significantly alter the
differential cross section in the presence of κp.
Although contributions of K∗ multipoles, i.e., κK∗ and
λK∗ terms, are small in cross sections, their effects may
be found in spin asymmetries. Furthermore, since the
contributions of N∗ resonances in the γp → K∗+Λ pro-
cess are found to be rather insignificant [7], the process
is of benefit to the measurement of such observables on
a clean background. Presented in Fig. 4 are the pho-
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FIG. 1. Total cross section (a) for γp → K∗+Λ and (b)
for γn→ K∗0Λ. Blue dashed, green dot-dot-dashed, and red
dot-dashed lines are the contributions from the exchanges of
K, κ, and K∗ with (κK∗ , λK∗) = (1.23,−0.38), respectively.
The gauge-invariant K∗ exchangeMK∗N in Eq. (5) is given
by the red dotted line. The solid lines show the results of the
full calculation. Experimental data for the γp reaction are
from Ref. [4] (filled circles) and those for the γn reaction are
from Ref. [14] (open square).
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FIG. 2. Total cross sections for γp → K∗+Λ (a) with
and (b) without κp. In (a), the red dashed line is the K
∗
exchange contribution with (κK∗ , λK∗) = (1.23, 0) and the
corresponding cross section is given by the red solid line.
The blue dash-dotted line is the cross section from the K∗
exchange with (κK∗ , λK∗) = (0, 0) which is given by blue
dotted line. In (b), full calculations for cross sections with
(κK∗ , λK∗ ) = (1.23,−0.38) and (0, 0) are shown by the same
notation as in (a), respectively.
ton polarization observable (Σ) together with the par-
ity asymmetry (Pσ) and the recoil polarization (PΛ) for
both processes. Following the convention and definitions
of Refs. [24, 25], the photon polarization asymmetry is
given by
Σ =
σ(⊥,0,0,0) − σ(‖,0,0,0)
σ(⊥,0,0,0) + σ(‖,0,0,0)
, (10)
where we define σ(B,T,Y,V ) for the differential cross sec-
tion dσ/dΩ, where the superscripts (B, T, Y, V ) denote
the polarizations of photon beam, target proton, pro-
duced hyperon, and produced K∗ vector-meson, respec-
tively. The superscript 0 means unpolarized state and ‖
(⊥) corresponds to a photon linearly polarized parallel
(perpendicular) to the reaction plane but normal to the
photon beam direction. The negativeness of Σ in γp re-
action is largely due to the K∗-exchange, which reveals
a sizable dependence on κK∗ and λK∗ . Thus, measuring
this observable is desirable to verify the role of the K∗
magnetic moment and electric quadrupole moment.
The parity asymmetry defined as
Pσ = 2ρ
1
1−1 − ρ
1
00 , (11)
measures the asymmetry between the natural and un-
natural parity of exchanged mesons in terms of density
matrix elements [26]. In particular, the predicted value
Pσ ≈ −1 for the γn reaction is understood by the domi-
nance of the K exchange of the unnatural-parity over the
natural-parity exchanges of κ andK∗. Recently Pσ of the
γp → K∗0Σ+ reaction was reported [27] and the com-
parison of Pσ in various channels for the K
∗ production
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FIG. 3. Differential cross sections for γp → K∗+Λ and
γn → K∗0Λ reactions. Dotted lines are the results without
κK∗ and λK∗ terms. The respective contributions of K and
K∗ exchanges are shown with the same notation as in Fig. 1.
Experimental data are taken from Ref. [4] (filled circles) and
from Ref. [5] (open squares).
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FIG. 4. Spin observables of γp→ K∗+Λ at Eγ = 2.35 GeV
and γn → K∗0Λ at Eγ = 2.4 GeV. The solid lines are from
the full calculation while the dotted lines are obtained without
κK∗ and λK∗ terms. For comparison, the recoil polarization
for γp → K+Λ is given together by the green dashed line
(left) with data taken from Ref. [23].
will be useful to understand the production mechanism
of strangeness via the spin-1 vector meson.
The observation of the recoil polarization, PΛ, is also
interesting since the produced Λ hyperon in the final state
is self-analyzing [23]. The asymmetry between the spin
polarizations of the final Λ along with the y′-axis as de-
5fined by [24]
PΛ =
σ(0,0,+y,0) − σ(0,0,−y,0)
σ(0,0,+y,0) + σ(0,0,−y,0)
, (12)
which can be measured by the subsequent weak decay of
the final Λ through the Λ→ pπ decay. Viewed from the
different spin structure of the final state K∗+Λ from the
case of the K+Λ in the final state of the reaction process
γp→ K+Λ, it is informative to compare PΛ asymmetry
in both reactions. The dashed line for the PΛ in the latter
process is estimated from Ref. [18] with the experimen-
tal data of Ref. [23], which shows a quite different spin
polarization of Λ from the K∗+Λ production process, as
expected. The experimental measurements of these ob-
servables, therefore, will be a testing ground to confirm
models for the electromagnetic production of strangeness
through spin-1 vector mesons with electromagnetic mul-
tipoles.
In summary, we have investigated photoproduction re-
actions of γN → K∗Λ focusing on the role of electromag-
netic multipoles of K∗ vector meson. With the γK∗K∗
vertex that fully accounts magnetic dipole and electric
quadrupole moments of K∗ satisfying the Ward iden-
tity, analysis of existing data was performed based on
the Regge approach. We found that the γp → K∗+Λ
process is dominated by K plus K∗ exchanges, while
γn → K∗0Λ process can be understood by the domi-
nance of K exchange. Although the dependence of total
and differential cross sections on the K∗ electromagnetic
multipoles cannot be easily verified, we found that the
photon beam asymmetry may be useful to unravel the
role of K∗ multipoles in the production of K∗ vector me-
son. Our predictions for spin observables would be tested
by future measurements at current electron/photon beam
facilities.
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